Abstract Seeds of bottlebrush, a novel plant material, were found to exhibit excellent adsorption capacity over a wide range of Cd(II) concentration. It was characterized by Fourier transform infrared spectroscopy and Scanning Electron Microscopy to support the adsorption of Cd(II) ions. Effect of various parameters like pH, contact time, initial concentration and different electrolytes was investigated using batch process to optimize conditions for maximum adsorption. The adsorbent data were analyzed using Langmuir, Freundlich, Temkin and Dubinin-Redushkeuich isotherm equations at 30°, 40°and 50°C. Thermodynamic parameters such as standard enthalpy change (DH°), free energy change (DG°) and entropy change (DS°) were also evaluated and the results indicated that adsorption of Cd(II) are spontaneous and endothermic. Various kinetics models including the Pseudo-first-order kinetics, Pseudo-second-order kinetics and Intraparticle diffusion models have been applied to the experimental data to predict the adsorption kinetics. Kinetic study was carried out by varying initial concentration of Cd(II) at constant temperature and it was found that pseudo-second-order rate equation was better obeyed than pseudo-first-order equation supporting that chemisorption process was involved.
Introduction
Water pollution is one of the most serious environmental problems being faced by modern society (Marques et al. 2000; Ruiz-Manriquez et al. 1998) . Heavy metals are known for their non-degradability and toxicity. It is, therefore, essential to control their discharge into water bodies and natural streams. Cadmium is highly toxic and non-essential metal which is released into the environment by various ways such as photographic development, ceramic, alkaline batteries, electroplating and metal plating works (Mohapatra and Anand 2007) . Cadmium exposes human health to severe risks, due to its higher toxicity and can exert its toxic effects even at low concentrations. Occupational levels of cadmium exposure are a risk factor for chronic lung disease and testicular degradation (Benoff et al. 2000) . Cadmium can also damage some specific structure of the functional units of the kidney (Satarug et al. 2000) . Cadmium concentrations in unpolluted natural water are usually below 0.001 mg L -1 (Friberg et al. 1986 ) therefore it is necessary to remove cadmium from industry effluent. For this reason, it is significant to focus the attention on the development of improved friendly methods and low-cost adsorbents for toxic heavy metal removal. Various techniques are in use for the removal of heavy metals from the industrial discharge but adsorption technology has been found to show high efficiency in detoxifying effluents (Kenduzler and Turker 2005) . Adsorption utilizes the ability to accumulate heavy metals from wastewater by either metabolically medium or physiochemical pathway of uptake (Fourest and Roux 1992) . Natural materials have excellent potential as inexpensive adsorbents. Many adsorbents have been used in past years for cadmium ion removal, however, the exploration and development of new adsorbents is endless. Biomaterials such as Cashew nut shell (Kumar et al. 2012a, b) , Borassus aethiopum seed shells (Adie et al. 2012) , Modified corncob (Leyva-Ramos et al. 2012) , Chitosan (Hydari et al. 2012) , Agricultural wastes (Chao and Chang 2012) , Seeds of Mast tree , Peganum harmala seeds (Zamani et al. 2013 ), Nylon-6 (Prakash et al. 2012) , Calcite sludge (Merrikhpour and Jalali 2012) , Rice straw , Meranti wood (Rafatullah et al. 2012) , Nauclea diderrichii seed (Omorogie et al. 2012) , Modified Lawny grass (Chen et al. 2011) , Acacia nilotica (Waseem et al. 2012) , Walnut shell (Almasi et al. 2012) , Grapefruit biomass (Bayo et al. 2012) , Macrocystis pyrifera (Cazon et al. 2012) , Algae (Sulaymon et al. 2012) , Modified Cashew nut shell (Kumar et al. 2012a, b) , Rice bran (Chen et al. 2012) , Sawdust (Bouziane et al. 2012) , Orange peel (Masoudi et al. 2012) etc. have recently been utilized for the removal of Cd(II) from aqueous solution.
Bottlebrush plants (Callistemon chisholmii) are medium size trees or bush with flowers that resemble a bottlebrush because of their cylindrical brush like flower. This plant belongs to Callistemon species and Myrtaceae family and mostly found in the temperate region of Australia. It is generally available in many areas within its hardiness range (Gilman and Watson 1993) . The leaves of this plant are a substitute of tea and have a delightfully refreshing flavour (Cribb and Cribb 1976) . Its leaves when crushed emit a refreshing scent like lemon (Genders 1977) . Flowering of bottlebrush is normally spring and early summer (Gilman and Watson 1993) . Flower head are mostly red in colour but some are green, yellow or white. Each of them produces a triple-celled seed capsules around the stem.
This work has been undertaken to explore the adsorption behaviour of this promising novel material (bottlebrush seed capsules) towards Cd(II) ions. The effect of parameters such as initial solution pH, heavy metal concentration, and contact time was examined. Several characterization techniques (FTIR, SEM) were also used to identify the changes in bottlebrush seeds to determine its applicability in the adsorptive removal of Cd(II). This material has not yet been tested for the adsorption of heavy metals from aqueous solution and therefore its excellent adsorption capacity, ease of availability, non-toxic nature, cheapness etc. give the main innovation of the present study.
Materials and methods

Preparation of the adsorbent
Seed capsules of bottlebrush were crushed, sieved and washed with double distilled water (DDW) to remove dust and dirt etc. Capsules were dried and then sieved to 150-300 lm size. The procedure used to prepare the adsorbent referred to previous works Rao and Kashifuddin 2012a, b) . The material was placed in an airtight container for further use.
Adsorbate solution
Stock solution of cadmium (1,000 mg L -1 ) was prepared by dissolving desired quantity of their nitrate salt, Cd (NO 3 ) 2 ÁH 2 O (A.R. Grade) in double distilled water (DDW).
Adsorption studies
Adsorption studies were carried out by batch process. The amount of 0.5 g adsorbent was placed in a conical flask in which 50 mL Cd(II) solution of desired concentration was added in a 250-mL conical flask and the mixture was shaken in temperature-controlled shaker incubator for 24 h. The mixture was then filtered using Whatman filter paper no. 41 and final concentration of metal ion was determined in the filtrate by Atomic Absorption Spectrophotometer (GBC-902, Australia). The amount of Cd(II) adsorbed was calculated by subtracting final concentration from initial concentration.
Characterization of adsorbent
Scanning Electron Microscope (Ametek, USA) was used to identify the surface quality and morphology of the adsorbent at an accelerating voltage of 20 kV. To identify the binding groups present before and after adsorption on the adsorbent surface and their involvement in adsorption process, Fourier Transform Infrared Spectroscopy (FTIR) were recorded on PerkinElmer FTIR Spectrum BX (PerkinElmer Life and Analytical Sciences, CT, USA) using KBr pellets in the ratio of 1:100 and spectra recorded in the range of 400-4,000 wave number (cm -1 ).
Effect of temperature
The effect of temperature on the adsorption of Cd(II) was studied by varying the adsorbent doses from 0.1 to 1.0 g at fixed volume (50 mL) of the Cd(II) solution with initial concentration 50 mg L -1 initial concentration. These flasks were kept into temperature-controlled water bath shaker at different temperatures (30-50°C) for 4 h and then filtered. The final concentration of the desired compound in the filtrate from each flask was then determined as described earlier.
Effect of pH
The volume of 50 mL Cd(II) solution containing 50 mg L -1 Cd(II) was taken in a beaker and the pH of the solution was adjusted by adding 0.1 M HCl or 0.1 M NaOH solution using (ELICO-Li, India) pH meter. The solution was taken in conical flak, treated with 0.5 g of the adsorbent and after the attainment of equilibrium, the final concentration of Cd(II) was determined. The % adsorption was then calculated by subtracting final concentration from initial concentration. The final or equilibrium pH pH f ) was also recorded. To investigate the effect of electrolyte, the same procedure was repeated with Cd(II) solution (50 mg L -1 ) prepared in 0.5 M KNO 3 .
Point of zero charge
The point of zero charge (pHpzc) of the adsorbent was determined by solid addition method (Helmy and Ferreiro 1976) . 50 mL DDW was transferred to a series of conical flasks and the initial pH (pH i ) of these solutions were roughly adjusted between 1 and 10 using either 0.1 M HCl or 0.1 M NaOH solution. The initial pH (pH i ) of these solutions was accurately noted. 0.5 g adsorbent was then added to each flask and allowed to equilibrate for 24 h with intermittent manual shaking. The final pH (pH f ) of the supernatant liquid was then noted. The difference between the initial pH i and pH f values were plotted against pH i , the point of intersection of the resulting curve with abscissa, at which (pH i -pH f ) = 0, gave the pHpzc. To investigate the effect of electrolyte, same procedure was repeated using 0.5 M KNO 3 solution.
Effect of time and initial concentration
Effect of time on the adsorption of Cd(II) was determined by analyzing the residual Cd(II) in the liquid after contact period from 5 to 240 min. Experiments were performed using batch process at room temperature. The amount of 0.5 g adsorbent was added to 50 mL solution of various initial concentrations of Cd(II) (50-80 mg L -1 ). Samples were withdrawn from conical flasks after specified time interval and analyzed for residual metal content.
Effect of electrolytes
The effect of various electrolytes such as CaCl 2 , NaHCO 3 , NaCl, MgCl 2 as well as HCl on the adsorption of Cd(II) was investigated. In these experiments, 50 mL solution (50 mg L -1 ) of Cd(II) prepared in the above electrolytes was treated with 0.5 g of adsorbent. The amount of Cd(II) adsorbed in presence of these electrolytes were then determined as described earlier.
Breakthrough capacity
In this column experiment, 0.5 g adsorbent was taken in glass column with glass wool support. 500 mL of Cd(II) solution with 50 mg L -1 initial concentration (C 0 ) was passed through the column with flow rate at 1 mL min -1 . The effluent was collected in 50 mL fractions and the amount of Cd(II) (C) was determined in each fraction by AAS. The breakthrough capacity curve was obtained by plotting C/C 0 versus volume of the effluent.
Results and discussion
Characterization of adsorbent Adsorption of metal ions
The adsorption percentage of Pb(II), Cu(II), Ni(II), Cd(II) and Cr(VI) is shown in Fig. 1 . The efficiency of adsorption was in order of
. The % adsorption of Cd(II) was found to be maximum hence adsorption properties of Cd(II) were investigated in details.
Scanning Electron Microscopy (SEM)
The SEM micrographs of native and Cd(II) adsorbed bottlebrush seeds are shown in Fig. 2a , b. The morphology of the surface is slightly changed after Cd(II) adsorption. Adsorbed Cd(II) on the surface of the adsorbent can be seen clearly in the form of white patches. 
Fourier transforms infrared spectroscopy (FTIR) analysis
The pattern of adsorption of metals onto plant materials is attributable to the active groups and bonds present on the adsorbent surface (Krishnani et al. 2008) . FTIR spectra of native and after adsorption of Cd(II) were recorded. The major functional groups present in native bottlebrush seed capsules responsible for Cd(II) adsorption were identified and are reported in Table 1 . Peaks appearing in the FTIR spectra of native bottlebrush were assigned to various groups (Fig. 3) . The peak at 3,421 cm -1 was assigned to the O-H group due to inter and intra molecular hydrogen bonding. The O-H stretching vibrations indicating the presence of free hydroxyl groups and bonded O-H bands of carboxylic acids (Gnanasambandam and Protor 2000) . The band at 2,923 cm -1 indicates asymmetric C-H stretching vibration of aliphatic acids (Li et al. 2007) . The peak at 2,856 cm -1 was the symmetric stretching vibration of CH 2 due to C-H bonds of aliphatic acids (Guibaud et al. 2003) . Peak observed at 1,736 cm -1 is the stretching vibration of C=O due to non-ionic carboxyl groups (-COOH, -COOCH 3 ) and may be assigned to carboxylic acids or their esters (Li et al. 2007) . At 1,649 cm -1 an asymmetric and symmetric vibration of ionic carboxyl groups (-COO -) has appeared. The peak at 1,372 cm -1 may be assigned to symmetric stretching of -COO - (Farinella et al. 2007 ). 1,036 cm -1 can be assigned to stretching vibration of C-OH of alcoholic groups and carboxylic acids (Guibaud et al. 2003) . FTIR spectra of Cd(II) adsorbed bottlebrush showed that the peaks at 3,421, 2,923, 2,856, 1,736, 1,649, 1,372 and 1,036 cm -1 were shifted, respectively, to 3,416, 2,924, 2,860, 1,739, 1,643, 1,370 and 1,050 cm -1 due to Cd(II) interaction with these groups (Table 1) .
Effect of contact time and initial concentration of Cd(II)
The mechanism of the metal uptake generally depends on the initial concentration of heavy metals in contact with the adsorbent. At low concentration the specific sites are responsible for the adsorption, while in case of increasing metal concentrations the specific sites are saturated and the adsorption sites are filled (Lehman and Harter 1984) . The effect of initial concentration of Cd(II) on the extent of adsorption is shown in Fig. 4 . It has been found that adsorption increased with time and attained maximum for all the concentrations. The adsorption capacities at 50, 60 and 80 mg L -1 initial Cd(II) concentrations were found to be 4.92, 5.4 and 6.0 mg g -1 , respectively. This result might be due to increased driving force with increased Cd(II) concentration. The uptake of metal ions at any particular concentration increased with contact time. The rate was rapid but it slows down until it reaches equilibrium (Fig. 4) . This is due to the fact that a large number of vacant surface sites are available for adsorption during the initial stage and with the increase of time the remaining vacant surface sites are difficult to be occupied due to repulsive forces between the solute molecules on the solid and bulk phases. However, with increase in initial Cd(II) concentration, the contact time needed to reach equilibrium ? (small quantity) (Srivastava et al. 2006; Boparai et al. 2013 ) resulting a decrease in pH f . Therefore, it can be concluded that maximum amount of Cd(II) was adsorbed in the form of Cd 2? ions up to pH 8 with the formation of small quantity of Cd(OH)
? . It has also been observed that adsorption of Cd(II) was suppressed in presence of high concentration of electrolyte (0.5 M KNO 3 ). Adsorption of Cd(II) was less at all the studied PHS in presence of KNO 3 (Fig. 5) .This may be due to decrease in Cd(II) activity at high concentration of electrolyte. The decrease in the activity of Cd(II) ions is due to the formation of soluble and stable complexes with anions which are not easily adsorbed (Malamis and Katsou 2013) . The point of zero charge pH pzc (Babic et al. 1999 ) determined in DDW and 0.5 M KNO 3 is shown in Fig. 6 . The point of intersection where DpH = 0 was shifted to lower pH in presence of KNO 3 indicated that H ? ions were displaced by K ? ions (due to their large excess) and hence responsible for the suppression of Cd(II) adsorption. However, second charge reversal observed at pH 1 (calculated by extrapolation of these curves) where influence of K ? ions was negligible and so the % adsorption of Cd(II) was affected least at pH 2 in presence of KNO 3 .
Adsorption isotherms
To optimize the design of adsorption system for the removal of Cd(II) from aqueous solution, it is important to explain the relationship between adsorbed metal ion per unit weight of adsorbent (q e ) and residual concentration of metal ion in solution (C e ) at equilibrium. The analysis of the adsorption isotherm data by fitting them to different adsorption isotherm models is an important step to find the suitable adsorption isotherm model that can be used for design purposes. Experimental data were fitted in the Langmuir, Freundlich, Temkin and D-R models at different temperatures. The fitting procedure was performed using R-software version 2.10.1 (2009-12-14) . To evaluate the fitness of the data, determination coefficient (R 2 ), error analysis and chi-square test (v 2 ) were evaluated between experimental and calculated data from each model. According to Langmuir model (Langmuir 1916 ) the adsorption occurs on a homogenous surface forming monolayer of adsorbate with constant heat of adsorption for all sites without interaction between adsorbed molecules (Kalavathy and Miranda 2010) . The linear form of Langmuir model may be given as.
where C e is the equilibrium concentration of Cd(II) in the solution (mg L -1 ), q e is the amount of Cd(II) adsorbed per unit weight of adsorbent (mg g -1 ), q m is the amount of Cd(II) required to form monolayer (mg g -1 ) and b is a constant related to energy of adsorption (L mg -1 ) which represents enthalpy of adsorption and should vary with temperature. The values of b and q m were calculated from the slope and intercept of the linear plots of 1/q e versus 1/C e at different temperatures. The data obtained from this model indicated its applicability at different temperature (30-50°C) but data were fitted best at higher temperatures (40 and 50°C) as indicated by high determination coefficient (R 2 ), RSE and least v 2 values (Table 2) . The values of q m and b increased with increasing temperature indicating higher heat of adsorption with increasing temperature and confirming the endothermic nature of the adsorption. Table 3 lists a comparison of maximum monolayer adsorption capacity (q m ) of Cd(II) on various adsorbents (Singh et al. 2010; Al-Anber and Matouq 2008; Ghodbane et al. 2008; Gupta and Rastogi 2008; Iqbal et al. 2009; Zheng et al. 2010; Naiya et al. 2009; Zhang et al. 2012; Gilbert et al. 2011; Rao and Kashifuddin 2012a, b) . Bottlebrush was found to have a relatively larger adsorption capacity indicating that it could be considered a promising new material for the removal of Cd(II) from aqueous solutions.
The Freundlich model (Freundlich 1906 ) is an empirical equation based on the adsorption of adsorbate onto heterogeneous surface. The linear form of Freundlich model can be represented as. where C e is the equilibrium concentration in mg L -1 , K f is the Freundlich constant which indicates the relative adsorption capacity of the adsorbent related to bonding energy and n is the heterogeneity factor representing the deviation from linearity of adsorption and is also known as Freundlich coefficient. A plot of log q e versus log C e should generate straight line and values of 1/n and K f can be calculated from the slope and intercept. The data obtained from this model indicated that the values of K f and n increased with the increase in temperature from 30 to 50°C. Freundlich model was best obeyed at 50°C because of high R 2 and least v 2 values (Table 2 ). The n values between 0.0 and 1.0 indicated favourable adsorption (Arfaoui et al. 2008 ). Table 3 also shows Freundlich isotherm parameters of various adsorbents and it was comparable and better than those reported in literature (Tan and Xiao 2009; Rao and Khan 2009; Xie et al. 2011; Sharma et al. 2009; Etci et al. 2010; Al Othman et al. 2011; Boparai et al. 2011 ).
Temkin isotherm (Temkin and Pyzhev 1940) assumed indirect adsorbate/adsorbent interactions on adsorption isotherms and explains that heat of adsorption of all the molecules on the adsorbent surface decreases linearly rather than logarithmic as implied in Freundlich isotherm. The linearized form of Temkin equation can be represented as
where (RT/b) = B, R is universal gas constant, T is absolute temperature and b is Temkin isotherm constant. A (L mg -1 ) is equilibrium binding constant corresponding to maximum binding energy and B (J mol -1 ) is another constant related to heat of adsorption. The values of B and A were calculated from the slope and intercept of the plot of q e versus ln C e and are reported in Table 2 . Increased values of A with increasing temperature indicated that process is favourable at high temperature.
Dubinin-Redushkeuich (D-R) isotherm (Dubinin and Radushkevich 1947) does not assume a homogenous surface or a constant sorption potential (Gonzalez et al. 2006 ). The Dubinin-Radushkevich model was chosen to estimate mean free energy of adsorption. The linearized form of this equation is represented as 
where e is the Polyani potential, q m is the monolayer capacity (mol g -1 ), C e is the equilibrium concentration (mol L -1 ). The Polyani potential (e) and mean free energy of adsorption (E, kJ mol -1 ) can be calculated from the equations. b is the D-R model constant (mol 2 kJ -1 ) which can be obtained from the slope of the plot of ln q e verses e 2 . The values of E lie between 8 and 16 kJ mol -1 and depicted that adsorption process was chemical in nature (Helfferich 1962) . The positive value of energy (E) of adsorption indicated that the adsorption process is endothermic and confirmed that higher solution temperature will favour the adsorption process.
It can be concluded from the Table 2 , that the above models were well fitted at higher temperature (50°C) as indicated by high determination coefficient (R 2 ), low values of RSE, and least Chi-square (v 2 ) test values. The p value for all the models at 30, 40 and 50°C were \0.05 (p \ 0.05). The Langmuir, Freundlich and D-R adsorption isotherm models fits the experimental data (at higher temperatures) better than Temkin isotherm model.
Thermodynamic study
The effect of temperature on the adsorption of Cd(II) was studied at temperature ranging from 30 to 50°C. Thermodynamic parameters such as standard free energy change (DG°), standard enthalpy change (DH°) and standard entropy change (DS°) were calculated using the following relations (Liu 2009 )
where K c is the distribution constant, C Ad and C e are equilibrium concentrations of Cd(II) on the adsorbent and in the solution, respectively. According to the IUPAC (1947) the distribution constant is defined as the ratio of the concentration of a substance in a single definite form in the extract to its concentration in the same form in the other phase at equilibrium. The Gibbs energy change (DG°) indicates the degree of spontaneity of an adsorption process, and a higher negative value reflects a more energetically favourable adsorption. According to thermodynamic law, DG°of adsorption is calculated as follows
where K c is the thermodynamic equilibrium constant without units, T is the absolute temperature in Kelvin and 
A plot of ln K c versus 1/T gives straight line and DH°a nd DS°were calculated from the slope and intercept. These thermodynamic parameters can offer insight into the type and mechanism of an adsorption process (Reported in Table 4 ). Values of free energy change DG°are negative confirming that adsorption of Cd(II) is spontaneous and thermodynamically favourable since DG°became more negative with increase in temperature, indicating high driving force and hence resulting in higher adsorption capacity at higher temperature. The positive value of DH°i ndicated endothermic adsorption process. A little but positive value of DS°in the temperature range 30-50°C suggested increased randomness at the solid-solution interface because some water molecules were dislodged during adsorption of Cd(II) (Narmasivayam and Ranganathan 1995) .
Adsorption kinetics
The rate constants were calculated using pseudo-first-order (Lagergren 1898 ) and pseudo-second-order kinetics models. The first-order rate expression is given below
where q e is the amount of Cd(II) adsorbed per unit weight of adsorbent at equilibrium or adsorption capacity (mg g -1 ), q t is the amount of Cd(II) adsorbed per unit weight of adsorbent at any given time t, K 1 is the rate constant for pseudo-first-order model. The values of K 1 and q e were calculated from slope and intercept of the linear plot of log (q e -q t ) versus t at various concentrations. A plot of log (q e -q t ) versus t gave straight lines confirming the applicability of the pseudo-first-order rate equation.
The pseudo-second-order rate expression is used to describe chemisorption involving valence forces through the sharing or exchange of electrons between the adsorbent and adsorbate as covalent forces, and ion exchange (Ho and Mckay 1998) . The pseudo-second-order kinetic rate equation is given as
where h is the initial rate of adsorption (h = K 2 q e 2 ) and K 2 is the rate constant of pseudo-second-order adsorption (g mg -1 min -1
). The values of K 2 and q e were calculated from the intercept and slope of the linear plots of t/q t versus t at various Cd(II) concentrations. Straight line plots of t/q t versus t indicated the applicability of pseudo-second-order model (Fig. 7) . Table 5 provides data of pseudo-first-order rate constants K 1 , pseudo-second-order rate constants K 2 , initial adsorption rate (h), R 2 , calculated equilibrium adsorption capacity q e (cal) and experimental equilibrium adsorption capacity q e (exp) at different initial Cd(II) concentrations. It was found that q e (cal) values from pseudo-first-order model differed appreciably from the experimental values showing that system did not follow pseudo-first-order model. In pseudo-second-order kinetic model the values of q e (cal) were very close to q e (exp) values at various initial Cd(II) concentrations as compared to pseudo-first-order model indicating that pseudo-second model was better obeyed. The data also shows that the values of determination coefficient (R 2 ) for pseudo-first-order model (Table 5) were lower as compared to pseudo-second-order kinetic model at different initial concentration values.
Breakthrough capacity
Breakthrough curve is the most effective column process making the optimum use of the concentration gradient between the solute adsorbed by the adsorbent and that remaining in the solution. The column is operational until the metal ions in the effluent start appearing and for practical purposes the working life of the column is over called breakthrough point. This is important in process design because it directly affects the feasibility and economics of the process (Gupta et al. 2001) . Figure 8 showed that 150 mL of Cd(II) solution could be passed through column without detecting Cd(II) in the effluent. The breakthrough capacity was found to be 15 mg g -1 .
Effect of electrolytes
Cd(II)-contaminated water also contains several other ions that may influence the adsorption process. This study evaluated the behaviour of Cd(II) adsorption in the presence of 0.01-0.1 M salt solution of various electrolytes like chloride, carbonate, sulphate, independently at an initial Cd(II) concentration of 50 mg L -1 . The effect of various electrolytes on the adsorption of Cd(II) is reported in Table 6 . Adsorption of Cd(II) was decreased with increase in concentration of electrolytes like CaCl 2 , NaCl, Na 2 SO 4 , MgCl 2 , HCl. This could be attributed to increased competition for adsorption sites between Cd(II) ions and electrolyte ions as well as decreased activity of Cd(II) ions (Malamis and Katsou 2013) . The influence of these electrolytes and their effect in toxic pollutants removal using natural materials has been observed in recent past (Pehlivan et al. 2011; Gladysz-Plaska et al. 2012; Altun and Pehlivan 2012; Pang et al. 2011; Jing et al. 2011; Rao and Kashifuddin 2012a, b; Wang et al. 2011; Chen et al. 2010; Akafi et al. 2011) . Many of these studies also showed a decrease in the adsorption of metal ions in the presence of electrolytes.
However, adsorption of Cd(II) increased with increasing NaHCO 3 concentrations which may be due to increase in final pH (pH f ) of the NaHCO 3 solution with increased concentration (pH 7.8-8.8) as reported in Table 6 .
Conclusions
Bottlebrush seeds showed excellent potential for Cd(II) removal from aqueous solution. Equilibrium time was concentration dependent. The experimental results showed that the adsorbent always had a higher capability to adsorb Cd(II) ions and the maximum adsorption could be possible from the aqueous solution at pH 4. Langmuir, Freundlich, Temkin and D-R isotherm were best obeyed at higher temperatures. Adsorption of Cd(II) was affected by increasing concentration of various electrolytes. Kinetic data showed the better applicability of pseudo-secondorder model confirming that adsorption of Cd(II) was chemisorption in nature. Thermodynamic results indicated the adsorption of Cd(II) was spontaneous and endothermic. Column experiments showed that the breakthrough began at 150 mL.
